Abstract. The Coast Ranges of the Cascadia margin are overriding the subducted Juan de Fuca/Gorda plate. We investigate the extent to which the latitudinal trend in average topography of the Coast Ranges is a function of the latitudinal change in attributes related to the subduction process. These attributes include the variable age of the subducted slab that underlies the Coast Ranges and average vertical crustal velocities of the western margin of the Coast Ranges for two markedly different time periods, the last 45 years and the last 100 kyr. These vertical crustal velocities are computed from the resurveying of highway bench marks and from the present elevation of shore platforms that have been uplifted in the late Quaternary, respectively. Topography of the Coast Ranges is in part a function of the age and bouyancy of the underlying subducted plate. This is evident in the fact that the two highest topographic elements of the Coast Ranges, the Klamath Mountains and the Olympic Mountains, are underlain by youngest subducted oceanic crust. The subducted Blanco Fracture Zone in southernmost Oregon is responsible for an age discontinuity of subducted crust under the Klamath Mountains. The northern terminus of the topographically higher Klamaths is offset to the north relative to the position of the underlying Blanco Fracture Zone, the offset being in the direction of migration of the fracture zone, as dictated by relative plate motions. Vertical crustal velocities at the coast, derived from bench mark surveys, are as much as an order of magnitude greater than vertical crustal velocities derived from uplifted shore platforms. This uplift rate discrepancy indicates that strain is accumulating on the plate margin, to be released during the next interplate earthquake. In a latitudinal sense, average Coast Range topography is relatively high where bench mark-derived, short-term vertical crustal velocites are highest. Because the shore platform vertical crustal velocites reflect longer-term, permanent uplift, we infer that a small percentage of the interseismic strain that accumulates as rapid short-term uplift is not recovered by subduction earthquakes but rather contributes to rock uplift of the Coast Ranges. The conjecture that permanent rock uplift is related to interseismic uplift is consistent with the observation that those segments of the subduction zone subject to greater interseismic uplift rates are at approximately the same latitudes as those segments of the the Coast Ranges that have higher magnitudes of rock uplift over the long term.
The topography of the Coast Ranges is the net result of uplift of rocks due to plate convergence and erosion by surface processes. We hypothesize that latitudinal variations in Coast Range topography are a function of changing physical attributes of the Cascadia subduction zone from north to south.
To test this hypothesis empirically, we compare latitudinal variation in average topography to the latitudinal variation in vertical crustal velocity at the coast, as measured by uplift rates relative to sea level, and to the latitudinal variation in the age of the plate being subducted beneath the Coast Ranges.
For our analysis, we present data on latitudinal and longitudinal trends in the topography of the Coast Ranges, variation in uplift rate along the western margin of the Coast Ranges, and latitudinal variation in the relative elevation of the subducting plate beneath the Coast Ranges, as derived from the relationship between lithospheric subsidence and age of oceanic crust.
For the coastal uplift rates, the data include surface uplift rate for two different time periods using datums appropriate to these time periods: the last 45 years of uplift using resurveyed highway benchmarks and the last 80,000-125,000 years of uplift using uplifted shore platforms. Surface uplift rates derived from both geodetic and shore platform surveys are referenced to eustatic high stands of sea level, where eustatic Because we will subsequently compare uplift rates at the coast to trends in average topography for the Coast Ranges as a whole, we determined whether north-south trends in average topography for the coastal (western) side of the Coast Ranges are sinfilar in form to trends of average topography for the Coast Ranges as a whole. Using the same computational technique but applied to narrower widths, we determined average topography for a 25-arc-min-wide swath on the west side of the Coast Ranges, and we also computed average topography for a nonoverlapping 25-arc-min-wide swath on the eastern side of the Coast Ranges. Comparing the western profile to the profile for the Coast Ranges as a whole ( The lithospheric subsidence model predicts that rapid density changes occur within the oceanic plate in close proximity to ridges. However, thick accumulations of young sediments along the Cascadia margin and a lack of seismicity near the trench axis preclude direct measurement of depths to the top of the subducting Juan de Fuca plate beneath the Coast Range. We acknowledge problems inherent in estimating slab morphology near subduction zones using the simple age-depth relationship cited above and etnphasize that our interpretation focuses on the relative subsidence of the slab due to changes in slab age along the margin. When oceanic plates are loaded by subduction under continental crust, the differential subsidence would be enhanced over that caused by an increase in age of the plate alone. This enhancement is because a less dense, younger slab will subside less than an adjacent older, denser slab The geodetically derived uplift rates are referenced to a contemporary sea level rise of 1.8 mm/yr [Douglas, 1991] , with no correction for post glacial rebound. In magnitude and variability, the uplift rates are several times larger than the predicted magnitude of present-day post glacial rebound, and the regional variation of uplift rate is of a much shorter wavelength than that predicted for present-day post glacial Surface uplift rates in both mountain systems are less than rock uplift rates because of erosion. Differencing the maximum elevation profile from the average topographic profile in Figure 3 (Figure 6 ), the elevation differences for the Olympics and the Klamaths are similar to each other and significantly greater than elevation differences in the intervening areas. Assuming all of the Coast Ranges have been subject to erosion in the late Neogene and Quaternary and thus have the same surface age, surface processes have removed approximately the same mass per unit area of material from both the Olympics and the Klamaths, despite differences in age and composition of the rocks in the two regions. Further, the mass per unit area of material removed in the intervening Coast Ranges is considerably less (Figure 6 ). Though the Klamaths are composed of relatively "old" rocks compared to the Olympics, they are not, relative to the Olympics, an old mountain range. Because the mass of material removed by erosion is greater, not less, in the Klamaths and the Olympics than in the intervening ranges, selective erosion cannot account for the high topography. A higher rate of rock uplift, not contrasting rock ages or greater rock resistance to erosion, is the major factor influencing the location of maximum topography.
We offer a brief comment on uplift mechanisms, recognizing that our data provide insufficient evidence for discussing the issue in detail. Though The magnitude of the difference in vertical crustal velocities derived from the geodetic data and the platform data is significant, being as large as 4.5 mm/yr (Figure 5c versus 5d) . This difference leads us to two points of conjecture about the relationship between recoverable and permanent strain in the Coast Ranges. First, as noted above, the difference in vertical crustal velocities derived from the geodetic data and from the platform data signifies that short term strain accumulation is transient and will probably be released as a megathrust earthquake. Second, platform uplift rates are a fraction of bench mark uplift rates (column 4, Table 2 ) in all cases, save the exception discussed below. If present-day bench mark uplift rates are typical of the average interseismic uplift rate and if platform uplift rates are typical of the long-term uplift rate, then this fraction denotes the approximate percent of uplift, which accumulates between subduction events, that is not recovered by movement on the plate interface during a subduction earthquake. Averaging by 30 arc rain increments the vertical velocity data available (Table 2) , about 5% of interseismic uplift (range is 1-8%) would not be recovered coseismically and would contribute to permanent rock uplift of Differential total rock uplift best correlates to age of the underlying plate but also correlates to vertical crustal velocity reflecting interseismic strain accumulation. Topographically higher portions of the Coast Ranges spatially correlate with segments of the subduction zone where elastic strain buildup presently is greatest. We infer that a small percentage of the interseismic strain that accumulates as rapid short-term uplift is not recovered during subduction earthquakes. This residual strain contributes to permanent rock uplift of the Coast Ranges, with commensurately more rock uplift where interseismic strain is greatest. Coast Range topographic form may in part be dependent on the persistance of this relation for million of years.
In summary, topographic form of the Coast Ranges could be in large part a function of the subduction process. Variations in the age of the subducting plate under the Coast Ranges and the varying character of interseismic strain accumulation and coseismic strain release along the Cascadia margin are both variables that spatially correlate with differential uplift of rock along the north-south trend of the Coast Ranges. From this we infer that the variable density of the subducting plate affects the pattern of strain buildup and release along the plate boundary, which in turn is manifest by changes in topographic form along the trend of the Coast Ranges.
